ソリトン ト トクシュ カンスウ ヒセンケイ カセキブンケイ ニヨル オウヨウ カイセキ by 中村, あきら
Titleソリトンと、特殊関数(非線形可積分系による応用解析)
Author(s)中村, あきら










$KdV$ Toda 1 $+$ 1













Toda-like ilinear rela ion





$S_{n}’(x)\equiv$ $($d/ $)$ $(x)$ $S_{n}^{ft}(x)\equiv(d/dx)^{2}$ Sn $($ $a_{1},$ $a_{2},$ $a_{3},$ $\ldots,$ $c_{3}$
$a_{1}=a_{1}(n,$ $x)$ $n$ $x$ eq. (2) $x$ eq. (3)
$a_{2}a_{3}S_{n+1}(x)S_{n-1}(x)-b_{2}b_{3}S_{n}^{l}(x)^{2}-c_{2}c_{3}S_{n}(x)^{2}-(b_{2^{C}3}+b_{3}c_{2})S_{n}’(x)S_{n}(x)=0$ . (4)
eq. (1) $x$ ( $b_{2}$ /al)Sn(
$b_{2}b_{3}S_{\mathfrak{n}}^{l/}(x)S_{n}(x)+(b_{1}b_{2}b_{3}/a_{1})S_{n}^{l}S_{n}(x)+(b_{2}b_{3^{C}1}/a_{1})S_{n}(x)^{2}=0$ . (5)
eq. (4) $+$ eq. (5)
$a_{4}[S_{n}’’(x)S_{n}(x)-S_{n}’(x)^{2}]+b_{4}S_{n}^{t}(x)S_{n}(x)+c_{4}S_{n}+\iota(x)S_{n-1}(x)+d_{4}S_{n}(x)^{2}=0$. (6)
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$a_{1,A},$ $b_{g_{j}}c_{4\}}d_{4}$ $n$ $x$ $a_{4}=b_{2}b_{3\text{ }}$ $b_{4}=b_{1}b_{2}b_{3}/a_{1}-$
$c_{3}-b_{3^{C}2\text{ }}c_{g}=a_{2}a_{3\text{ }}$ $d*=b_{2}b_{3^{C}1}/a_{1}-c_{2}a_{3}$ eq. (6)
Toda-like bihnear
Toda like bihnear rela ion
?
$D_{x}$ ffirota bilinear derivatives
a( b(









$[(d/dx)^{2}+(1/x)(d/dx)+(1$ $-n^{2}/x^{2})]I_{n}($ $=0$ ,
$J_{n+1}(x)=-(d/dx)J_{n}(x)+(n/x)J_{n}(x)$ ,
$J_{n-1}(x)=+(d/dx)J_{n}(x)+(n/x)J_{n}(x)$ ,
Bilin ear relation s


















$-2(N+n)(N+1-n)P_{N}^{n+1}(x)P_{N}^{n-1}(x_{4})+2(N^{2}+N-$ $2)$ $P_{N}^{n}(x)^{2}]=0$ ,
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3 . Toda bilinear
form
Toda
$\triangle logV(n,$ $x,$ $y,$ $z)-V(n+1,$ $x,$ $y,$ $z)+2V(n,$ $x,$ $y,$ $z)-V(n-1,$ $x,$ $y,$ $z)=0$ , (8)
$\Delta\equiv(\partial/\partial x)^{2}+(\partial/\partial y)^{2}+(\partial/\partial z)^{2}\equiv(\partial/\partial\rho)^{2}+(1/\rho)(\partial/\partial\rho)+(\partial/\partial z)^{2}$ , (9)
$\equiv(\partial/\partial r)^{2}+(2/r)(\partial/\partial r)+(1/r^{2})[(\partial/\partial\theta)^{2}+c\circ t\theta(\partial/\partial\theta)+(1/si$ $2\theta)(\partial/\partial\phi)^{2}]$ . (10)
$x$ , , $z$ $\rho,$ $z$ $r,$ $\theta,$ $\phi$
. ffirota $b$ near method
$V(n,x,y,z)=V^{0}($ $,x, y,z)+\Delta l\circ gf(n,x,y,z)$ . (11)
$V^{0}(n, x, y, z)$ Toda (vac-
uum solution ) Toda
$\Delta logV^{0}(n,x, y, z)-V^{0}(?\iota+1, x_{t}y, z)+2V^{0}(n, x, y, z)-V^{0}(n-1,x, y, z)=0$ . (12)
eq. (11) eq. (8) eq. (12)
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$\Delta 10\vee 0[V^{0}(n\dot,x_{j}\ovalbox{\tt\small REJECT}. z)+\triangle logf(n_{j}x_{\dot{t}}\ovalbox{\tt\small REJECT}, z)]$
$-\Delta log[V^{0}(n,$ $x,$ $y,$ $z)f(n+1,$ $x,$ $y,$ $z)f($ $-1,x,$ $y,$ $z)/f(n,x\}$
$,$
$z)^{2}]=0$ . (13)
$\Delta logc=0$ , (14)
) integration cons ant” $c$





$(n_{\iota_{2}^{X}}$ , $y\}z)f(n,$ $x,$ $\ovalbox{\tt\small REJECT},$ $z)^{2}=0\rangle$ (16)
$(\nabla f)^{2}\equiv(\partial/\partial xf)^{2}+(\partial/\partial yf)^{2}+(\partial/\partial zf)^{2}$ . (17)
eq. (16) bilinear Toda equation
Toda Molecule
bilineaf form
$f^{0}(n, x, y, z)$ $f’(n,x,$ $, z)$ $V^{0}(n, x, y, z)=\Delta logf^{0}(n,x,$ $y$ ,
119
‘ $(n,x$ , , $z)=f^{0}($ $,$ $x,$ $y,$ $z)f($ $, x, y, z)_{c}$
$f^{j}($ $\}x\}y, z)\triangle \text{ ^{}\prime}(n,x, y, z)-(\nabla$ l(n, $x,$ $y,$ $z$ ) $)^{2}-cf’(n+1,x, y, z)f’($ $-1, x, y, z)=0$ . (18)
bihnear form
eq. (16)
eq. (16) eq. (16)
$($n, $x,$ $y,$ $z)$ eq. (11) eq. (15) To $d$ a eq. (8)
$V(n,x$ , , $z)$
$V(n,x,y, z)=cV^{0}(n, x, y, z)f(n+1,x, y_{t}z)f(n-1, x, y, z)$ / $(n,x, y, z)^{2}$ (19)
eq. (16)
$(n,x, y, z)=f($ $,v(x,y, z))$ . (20)
$v(x$ , , $x,$ $y,$ $z$
eq. (16)
[( 2D]2i’ $+$ ( $\Delta$v)( $\partial$/ $\partial$v)] $($ n, $f(,i$ ,




2 bilinear relation [I] special function bihnear relation
[II] general Toda bi near relation 2
Toda
$\lfloor$
$II]$ general Toda b inear rela{ion
eq (21) ( )
$V^{0},$ $c,$ (matching) eq.(21)
[I] special function ilhear relation
$ma\{$ching
matching
$($i $)$ n $(x)$ eq (21)
$($ $)=J_{n}(\rho),$ $c=1,$ $V^{0}=1,$ $v=\rho=\sqrt{x^{2}+y^{2}}$ ,( 2 $=1,\Delta v=- 1/\rho\}$ (22)




( ) ( : $eq(21)$
$($ $)=H_{n}(x),$ $c=1,$ $V^{0}=n,$ $v=x,$ $(\nabla v)^{2}=1,$ $\Delta v=0\}$ (24)
eq.(21) Hermite bihnear relation Toda
$V($ $)$
$V(n)=nH_{n+1}(x)H_{n-1}(x)/H_{n}(x)^{2}$ . (25)
$(\ddot{\dot{m}})$ Gauss F(n,a;b;c; :eq.(21)
$f(n)=F(n-k”, b;-k^{j}-k" ; 1+exp(k_{1}x+k_{4})),$ $v=1+exp(k_{1}x+k_{4}),$ $(\nabla v)^{2}=k_{1}^{2}(v-1)^{2}$ ,
$\Delta v=k_{1}^{2}(v-1),$ $V^{0}=-k_{1}^{2}(n+k^{t})(n-k")exp(k_{1}x+k_{4})[1+exp(k_{1}x+k_{4})]^{-2}$
$=-k_{1}^{2}($ $+k’)(n-k”)(v-1)/v^{2},$ $c=1$ , (26)
$b$, ”, $k_{1},$ $k_{4}\equiv$ arbitrary constants . $eq.(21)$
Gauss hyper geometric function $b$ inear relation Toda
$V(r\iota)$
$V(n)=-k_{1}^{2}(n+$ $/)$ (?$\iota$ -k”)exp( lx $+$ 4)[1 $+$ exp( lx $+$ k4)]-2
$xF(n$ $1-\text{ ^{}\prime}’,$ $b;-$ $j-$
$t$’; $1+exp(k_{1}x+k_{4}))F(n-1-k$”, $b;-k’-k$”; $1+exp(k_{1}x+k_{4}))$
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Bessel higher order solution Toda lattice cyhndrical soliton solution
Toda cylin $d$ rical $N$-soliton
solu{ions higher order solutions
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